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ABSTRACT 

The radio-emitting quasar SDSS J1425+3231 (z=0.478) was recently found to have 
double-pe aked narrow [O III ] optical emission lines. Based on the analysis of the optical 
spectrum. iPeng et al.l (|201 lh suggested that this object harbours a dual active galactic 
nucleus (AGN) system, with two supermassive black holes (SMBHs) separated on the 
kpc scale. SMBH pairs should be ubiquitous according to hierarchical galaxy formation 
scenarios in which the host galaxies and their central black holes grow together via in- 
teractions and eventual mergers. Yet the number of presently-confirmed dual SMBHs 
on kpc or smaller scales remains small. A possible way to obtain direct observational 
evidence for duality is to conduct high-resolution radio interferometric measurements, 
provided that both AGN are in an evolutionary phase when some activity is going 
on in the radio. We used the technique of Very Long Baseline Interferometry (VLBI) 
to image SDSS J1425+3231. Observations made with the European VLBI Network 
(EVN) at 1.7 GHz and 5 GHz frequencies in 2011 revealed compact radio emission at 
sub-mJy flux density levels from two components with a projected linear separation of 
~2.6 kpc. These two components support the possibility of a dual AGN system. The 
weaker component remained undetected at 5 GHz, due to its steep radio spectrum. 
Further study will be necessary to securely rule out a jet-shock interpretation of the 
less dominant compact radio source. Assuming the dual AGN interpretation, we dis- 
cuss black hole masses, luminosities, and accretion rates of the two components, using 
available X-ray, optical, and radio data. While high-resolution radio interferometric 
imaging is not an efficient technique to search blindly for dual AGN, it is an invaluable 
tool to confirm the existence of selected candidates. 

Key words: galaxies: active - radio continuum: galaxies - quasars: individual: SDSS 
J1425+3231 - techniques: interferometric. 



1 INTRODUCTION 

It is widely accepted that most major galaxies harbour su- 
permassive black holes (SMBHs) in their nuclei. Hierarchi- 
cal structure formation models naturally involve interactions 
and mergers in which the host galaxies and their centra l 
SMBHs grow together (e.g. iKauffmann fc Haehneltl |200C| ). 
In this scenario, we expect to see some dual SMBH sys- 
tems as snapshots of the corresponding evolutionary phases 
of the merger process. Accretion of the surrounding gas 
onto the SMBHs may give rise to activity and make the 
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objects prominent across the whole electromagnetic spec- 
trum. If this activity is going on at both components of the 
SMBH pair during the same period of time, we may ob- 
serve dual Active Galactic Nucleus (AGN) systems. Recent 
high-r esolution smoothed particle hydrodynamical simula- 
tions (|Van Wassenhove et alj|20l3 ) suggest that simultane- 
ous AGN activity is mostly expected at the late phases of 
mergers, at or below ~1-10 kpc-scale separations. However, 
due to the high spatial resolution required, it is difficult to 
identify such systems in practice. Indirect signatures of du- 
ality are often inconclusive and require other supporting ob- 
servational evidence. Therefore the models of dual SMBH 
evolution are still poorly constrained by observations. In 
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the last couple of years, the search for dual AGN has be- 
come increasingly popular. The numerou s theroeti c al an d 
observational resu lts ar e reviewed by e .g. iKomoss 
iDotti et all <|2012h . and lPopovicI (|2012h . 

The presence of double-peaked narrow optical emission 
lines are thought to indirectly indicate AGN pairs. The 
large spectroscopic data base of the Sloan Digital Sky Sur- 
vey (SDSS) made it possible to select many extragalactic 
objects with double-peaked [O III] emission line profiles. 
These lines may originate from distinct narrow-line regions 
(NLRs) of two gravitationally bound S MBHs, with "inter - 
mediate" (~1-10 kpc) separations (e.g. ISmith et all boiO). 
Such objects should have spatially distinct NLRs, and the 
typical orbital velocities in the host galaxies are of the or- 
der of 100 km s~ . Afte r examining more than 20 000 spec- 
tra, ISmith et all l|2010h estimated that about 1 per cent 
of broad-line (Type 1) SDSS quasars at 0.1<z<0.7 have 
double-peaked narrow-line profiles. However, there exist vi- 
able alternative explanations for the double-peaked narrow 
lines related to peculiar kinematics and jet-cloud interac- 
tion in a single NLR. Detailed studies are needed to confirm 
or reject the dual-AGN scenario for each individual object. 
Using near-infrared imaging and optical slit spectroscopy 
of Type 2 AGN w ith double-peaked [O III] emission lines, 
IShen et all < |201lT > found that only 10 per cent of their tar- 
gets are definitely dual AG N at kpc-scale projected separa- 
tions. [Rosarioj]tjil] (|201ll ) studied a sample of 12 dual AGN 
candidates with near-infrared laser guide star adaptive op- 
tics imaging, and estimated that ~0.3-0.65 per cent of the 
SDSS quasars host dual accreting black holes separated on 
kpc scale s. This ag r ees we ll with the order-of-magnitude es- 
timate of iFu et all |2011aT ) who claim that the kpc-scale bi- 
nary fraction of AGN is <0.3 per cent. 

According to IDotti et al.l l|2012t ). only about 20 dual 
AGN systems with separations of ~10 pc to ~10 kpc were 
known at the time of writing their review. Even if the num- 
ber has increased in the meantime, it probably does not ex- 
ceed a few dozen. Radio-emitting pairs are at least as rare. 
The radio galaxy 3C 75 (NGC 1128) is a dual source wit h 
prominent arcsecond-scale radio jets (|Owen et al.l Il985h . 
The X-ray counterparts of the two SMBHs with a pro- 
jected separation of 7 kpc are resolved in the Chandra im- 
age of iHudson et all (120061 ). In the radio galaxy 0402+379, 
two bright flat-spectrum cores separated by 7.3 pc were 
found with V ery Long Baselin e Inter ferometry (VLBI) ob- 
servations by iRodriguez et al.l ll2006h. Remarkab ly, an ex- 
tensive systematic study of iBurke-Spolaorl (|201ll ) failed to 
identify any flat-spectrum radio pair other than 0402+379 
among the most frequently observed 3114 luminous radio 
AGN for which archival VLBI data at two or more dif- 
ferent frequencies were available. However, when looking 
for dual AGN in the radio, we don't have to restrict our- 
selves to bright and/or fl at-spectrum radio sources. Recently 
iTingav fc Wavthl(|201ll ) examined a sample of 11 radio AGN 
showing double-peaked [O III] optical emission lines with the 
US National Radio Astronomy Observatory (NRAO) Very 
Long Baseline Array (VLBA) at 1.4 GHz. They did not find 
any dual source above their ~1.5 mjy flux density detection 
threshold. On the other hand, there are cases when AGN 
pairs are successfully found in the radio among weaker ra- 
dio sources, at even f a inter (sub-mjy) flux density levels. 
iBondi fc Perez- Torres! (|2010h detected two comapct VLBI 



cores in the radio-quiet candidate binary black hole system 
SDSS J1536+044. The measured flux densities a t 5 GHz 
were 0. 72 and 0.24 mjy, the separation is ~5 kpc. IFu et al.l 
l|2011bh used the Expanded VLA (EVLA) at three differ- 
ent frequencies (1.4, 5, and 8.5 GHz) to confirm that SDSS 
J1502+1115, a double-peaked [O III] emission-line quasar 
with two components in its near-infrared adaptive optics 
image is also a dual radio source. The projected linear sep- 
aration of this pair is 7.4 kpc, the source flux densities are 
at the mjy or sub-mjy level. 

The subject of our present study, the quasar SDSS 
J142507.32+323137.4 (SDSS J1425+3231, or J14 25+3231 in 
short) at the redshift ,z=0.478 was identified bv lPeng et al.l 
l|201ll ) as having double-peaked narrow [O III] 4959 and 
5007 A optical emission lines in its SDSS spectrum. The 
authors modelled the line profiles with three Gaussian com- 
ponents: one for the blue narrow-line component (i.e. ap- 
proaching with respect to the systemic redshift), one for the 
red narrow (i.e. receding) component, and one for the un- 
derlying broad wing whose peak is close to the blueshifted 
narrow line. The blue and red components a re separated by 
~500 km s _1 in velocity. iPeng et al.l (|201ll ) proposed that 
J1425+3231 is a dual AGN system, with kpc-scale sepa- 
ration. The more massive of the two AGN corresponds to 
the blue emission line component, which is about twice as 
broad as the red one. The br oad blueshi f ted w ing arises 
in its intermediate- line region. IPeng et al.l i|201ll ) estimate 
~10 8 Mq for the mass of the primary SMBH. The suggested 
secondary black hole is smaller (~1O 6 M0) and could be a 
Type 2 AGN (i.e. seen close to the plane of the obscuring 
material surrounding the central accreting black hole). The 
absence of broad emission lines from the secondary AGN 
may be due to obscuration by a dusty torus, or the SDSS 
spectrum is insufficient to separate the broad lines originat- 
ing from the two nearby AGN. 

The optical i mages taken from the SDSS Data Release 
7 archive serveiQ (Abaza Tian et all I2009T ) show a point-like 
object with no indication of any extension at arcsecond an- 
gular scale. At 1.4 GHz, the source is unresolved (<5") in the 
Very Large Array (VLA) Faint Images of the Radio Sky a t 
Twenty-centimeters (FIRST) surve£| |White et al.lll997n . 
with Si. 4=3. 28 mjy integrated flux density. Its compact ra- 
dio emission and dual AGN candidature make J1425+3231 
potentially interesting for high-resolution radio interfero- 
metric imaging. 

Here we report on our VLBI imaging observations of 
J1425+3231 made with the European VLBI Network (EVN) 
at 1.7 GHz and 5 GHz frequencies, at three diffe rent epochs 
in 201 1. Our aim was to verify the prediction of IPeng et al.l 
l|201ll) about the dual nature of this AGN, and to test how 
the EVN could possibly be used in the future for investigat- 
ing a larger sample of candidate radio AGN pairs identified 
by their double-peaked [O III] emission lines. To calculate 
linear sizes and luminosities, we assume a flat cosmological 
model with H =70 km s" 1 Mpc -1 , fi m =0.3, and fi A =0.7. 
In this model, 1" angular size corresponds to 5.957 kpc pro- 
jected linear size at 2=0.478, and the luminosi ty distance of 
J1425+3231 is D L =2684.2 Mpc (|Wrightll2006T ). 
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Figure 1. The naturally-weighted 1.7-GHz image of the quasar J1425+3231 from the EVN experiment RSF04 on 2011 January 26 
(middle). Close-up images of the two individual components are shown separately. The lowest negative and positive contours are drawn 
at ±50 /xjy beam -1 (3c). Further positive contour levels (displayed only in the close-up images) increase by a factor of \/2. The peak 
brightness for the north-western component (right) is 442 /ijy beam" 1 , and for the south-eastern component (left) is 205 /^Jy beam -1 . 
The Gaussian restoring beam is 11.2 mas X 5.7 mas with major axis position angle 85°. The restoring beam (full width at half maximum, 
FWHM) is indicated with ellipses in the lower-left corners. 



2 VLBI OBSERVATIONS AND DATA 
REDUCTION 

We initiated short exploratory EVN observations of 
J1425+3231 to check whether the radio source contains two 
compact components that might indicate a dual A GN. These 
1.7- G Hz observations used the e-VLBI mode |Szomorul 
2008) in which the signals from the remote radio telescopes 
are not recorded but streamed to the central data pro- 
cessor over optical fibre networks for real-time correlation. 
The experiment lasted for 2 h on 2011 January 26 (project 
code RSF04). The participating radio telescopes were Effels- 
berg (Germany), Jodrell Bank Lovell Telescope, Cambridge 
(UK), Medicina (Italy), Onsala (Sweden), Toruh (Poland), 
Hartebeesthoek (South Africa), Sheshan (China), and the 
phased array of the 14-element Westerbork Synthesis Radio 
Telescope (WSRT, the Netherlands). The maximum data 
transmission rate was 1024 Mbit s~ , which resulted in a 
total bandwidth of 128 MHz in both left and right circular 
polarizations, using 2-bit sampling. 

J1425+3231, our weak target source, was observed in 
phase-reference mode. This helps to increase the total co- 
herent integration time spent on the source and thus to im- 
prove the sensitivity of the observations. Phase-referencing 
is performed by regularly altering the pointing direction be- 
tween the target so urce and a bright, compa ct, nearby ref- 
erence source (e.g. iBeaslev fc Conwavl Il995h . We selected 
J1422+3223 as the phase calibrator from the VLBA Cali- 
brator Survey lisfl The target-reference angular separation 
is 0?57. The delay, delay rate, and phase solutions derived 
for the phase-reference calibrator were interpolated and ap- 
plied to J1425+3231 within the cycle time of ~6 min. The 
target source was observed for nearly 4.5 min in each cycle, 
resulting in a total of ~80 min on-source integration time. 

Since the exploratory 1.7-GHz observations clearly re- 
vealed that the target source is resolved into two distinct 

3 http: / /www . vlba . nrao . edu/astro/calib/index . shtml 



components separated by ~440 milli-arcseconds (mas), we 
proposed a follow-up e-VLBI experiment at 5 GHz. The data 
at the higher frequency promised essential spectral informa- 
tion on the radio emission originating from the two compo- 
nents. The 5-GHz phase-referenced EVN observations were 
performed on 2011 October 18 and lasted for 6 h (project 
code EF023A). The radio telescopes at Effelsberg, Jodrell 
Bank Mk2, Medicina, Onsala, Toruh, Yebes (Spain), She- 
shan, and the WSRT participated. With a similar setup as 
before, the total on-source time was 220 min. 

We were also granted another 2-h experiment at the 
lower frequency (1.7 GHz) with the EVN, closer to the date 
of the 5-GHz observations. Data from this second observ- 
ing epoch served to check whether the radio emisson of the 
components in J1425+3231 is variable over a period of ~9 
months. The repeated 1.7-GHz EVN experiment (project 
code EF023B) also lasted for 2 h but used disk-based record- 
ing at the following stations: Effelsberg, Jodrell Bank Lovell 
Telescope, Medicina, Onsala, Toruh, Svetloe, Zelenchuk- 
skaya, Badary (Russia), Sheshan, Urumqi (China), and the 
WSRT. The observing date was 2011 November 4. The cor- 
relation of the data from the disk-based and both e-VLBI 
experiments took place at the EVN MklV Data Processor at 
the Joint Institute for VLBI in Europe (JIVE) in Dwingeloo, 
the Netherlands. 

The NRAO Astronomical Image Processing System 
(AIPS) was used for th e data calibration in a standard 
way (e.g. iDiam ond 1995). The visibility amplitudes were 
calibrated using system temperatures and antenna gains 
measured at the telescope sites. Fringe-fitting was per- 
formed for the calibrator (J1422+3223) and fringe-finder 
sources (4C 39.25, OQ 208) using 3-min solution intervals. 
The data were then export ed to the Caltech Difmap pack- 
age (|Shepherd et al.l Il994t ) for imaging. The conventional 
hybrid map ping proc edure involving several iterations of 
CLEANing (|Hogbomll 19741 ) and phase (then amplitude) self- 
calibration resulted in the images and brightness distribu- 
tion models for the calibrators. Overall antenna gain correc- 
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Figure 2. The naturally-weighted 5-GHz EVN image of 
the brighter (north-western) component of the dual quasar 
J1425+3231. The lowest contours are drawn at ±50 ^Jy beam -1 
(3ct). The positive contour levels increase by a factor of \/2. The 
peak brightness is 352 fi]j beam . The Gaussian restoring beam 
is 9.6 mas X 5.2 mas with major axis position angle —23°. 



tion factors (typically ~10 per cent or less) were determined 
and applied to the visibility amplitudes in AIPS. Fringe- 
fitting was repeated for the phase-reference calibrator in 
AIPS, now taking its CLEAN component model into ac- 
count in order to compensate for residual phases resulting 
from its non-pointlike structure. The solutions obtained were 
interpolated and applied to the target source data. The cal- 
ibrated and phase-referenced visibility data of J1425+3231 
were also transferred to Difmap for imaging. 

The total intensity images at 1.7 GHz (Fig. [TJ and 
5 GHz (Fig. [2| were restored in Difmap after fitting circular 
Gaussian brightness distribution models to the interferomet- 
ric visibility data. Natural weighting was applied to achieve 
the lowest image noise. No self-calibration was attempted 
for the target source data. 



3 THE TWO RADIO COMPONENTS OF 
J1425+3231 

There are two distinct compact radio sources seen in the 
1.7-GHz image (Fig. [T]) made on 2011 January 26. At 
the second epoch (2011 November 4), the brighter (north- 
western, NW) source has also been detected. Its flux den- 
sity and size agreed with the previous results within the er- 
rors. The detection of the fainter (south-eastern, SE) source 
proved difficult because of the elevated image noise level 
(<t=42 /zJy beam -1 ) we attribute to severe radio frequency 
interference apparent in the data, especially at the telescopes 
with the largest collecting area (Effelsberg and the WSRT). 
The non-detection of the fainter component at the 5a level 
is consistent with its brightness value measured in the first 
1.7-GHz experiment (Fig. [TJ, but the quality of the second- 
epoch data does not allow us to constrain the variability of 
this source. 

At 5 GHz, only the brighter component is detected 
(Fig. 0. In both the 1.7-GHz and 5-GHz images, the low- 
est contours are drawn at ~3<r image noise levels. The 
coordinates are relative to the position of the brightness 



peak at 5 GHz. The phase-referenced absolute equato- 
rial coordinates for the NW source are right ascension 
a NW =14 h 25 m 07:32669 and declination <5nw=32 31'37'.'5133 
(J2000). These were determined from the 5 GHz data with 
the accuracy of 0.4 mas each, and are identical with the 1.7- 
GHz coordinates within the errors. The position of the SE 
source is « S E = 14 h 25 m 07!34535 and <5 S e=32°31'37'.'1384, as 
determined from the 1.7-GHz data. The angular separation 
of the two components is 443.0±0.8 mas, which corresponds 
to 2.639±0.005 kpc projected linear distance. 

The circular Gaussian brightness distribution models 
fitted in Difmap at both frequencies allow us to characterise 
the sources. The model parameters and the derived bright- 
ness temperatures (Tb) are listed i n Table [1] The st atistical 
errors are estimated according to iFomalontl (|1999D . Addi- 
tional flux density calibration uncertainties are assumed as 
5 per cent. 

The high rest-frame brightness temperatures (Tb~10 7 — 
10 8 K) are indicative of a synchrotron origin of the ra- 
dio emission in both sources. The brightness temperatures 
for star-formin g galaxies typically do not exceed ~10 5 K 
i|Condodll992h . The 1.7-GHz radio powers of both com- 
pact individual VLBI-detected sources are at around 10 23 ' 5 
W Hz -1 , the dividi ng value between starburst- and AGN- 
dominated sources (|Yun et al.ll200ll l. The radio powers m 
the components of J1425+3231 exceed those in the most 
prominent nearby galaxies with nuclear starburst activity 
(Arp220, Arp299-A, Mrk 273) whose powers are i n the order 
of 10 21 - 10 22 W Hz -1 (|Alexandroff et al.ll2012l . and refer- 
ences therein). This underpins our suspicion that compact 
radio jet emission from the immediate vicinity of a super- 
massive black hole is dominant in our VLBI-detected radio 
sources. A possible alternative explanation is, as we will dis- 
cuss later, that at least one of the compact radio components 
marks a "hot spot" , i.e. the location of a shock front in which 
a powerful relativistic jet interacts with the (inter)galactic 
medium much further away from the black hole. 

A comparison of the FIRST 1.4-GHz flux density 
(3.28 mjy), and the sum of the flux densities in our two 
components (0.68 mjy, at only a slightly different frequency 
of 1.7 GHz) indicates that there is significant extended ra- 
dio emission, accounting for nearly 80 per cent of the total 
flux density. The extended emission is on ~0.1 — 1" angular- 
scales, i.e. resolved out by our EVN observations but re- 
mains unresolved in the FIRST image (~5" resolution). At 
5 GHz, the analysis of the WSRT data obtained simultane- 
ously with our EVN experiment gave a total flux density of 
1.20±0.12 mjy. Comparing this with the VLBI component 
flux density (0.35 mjy; Table [TJ, we come to the same con- 
clusion. In the latter case, variability as a potential cause 
of the difference in flux densities is excluded. The radio 
loudness of J1425+3231 as a whole (i.e. both components 
togeth er) , according to the definition by iKellermann et all 
(1989) as the ratio of 5-GHz radio and 4400-A optical flux 
densities, is J?~9, which places the source near the dividing 
value of 10 between the radio-quiet and radio-loud objects. 

The significant extended radio emission may suggest 
that, at least in part, active star formation is going on in 
the host galaxy. It qualitatively fits the picture of a galaxy 
merger containing two distinct AGN. Assuming that the dif- 
ference between the 1.4-GHz FIRST and the 1.7-GHz EVN 
flux density (2.6 mjy) is entirely contributed by starbursts, 
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Table 1. Parameters of the fitted circular Gaussian models for the NW component (top) and the SE component (bottom) of J1425+3231, 
and the derived brightness temperatures, radio powers, and luminosities. In the case of the non-detection of the SE component at 5 GHz, 
we assume an unresolved VLBI source to obtain an upper limit of the flux density. 
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we estimate the star formation rate (SFR) using the con- 
version relation between the SFR a nd the radio power (e.g 
lYun et al.ll200ll ; lHopkms et al.ll2003T ). This way we can place 
an upper limit, nearly 1000 Moyr -1 , for the SFR in the 
J1425+3231 system. Obviously this value is too high since 
there is no evidence for such an intensive star formation 
here. J1425+3231 is not known as a prominent far-in frared 
source, and the optical spectrum in lPeng et al.l (|201ll ) does 
not show a particularly strong [O II] emission, a potential 
indicator for high SFR. Therefore it is more plausible to 
assume that a dominant fraction of radio emission comes 
from extended jets or lobes which are resolved out by the 
EVN. The contribution of star formation is difficult to assess 
quantitatively. 

The radio spectra of the two compact sources in Fig. [1] 
are quite different. The NW object has a flat spectrum with 
oti=— 0.23. (The spectral index a is defined as S oc v a , where 
S is the flux density and v the frequency.) The value is char- 
acteristic of optically thick synchrotron jet emission from 
the nucleus. This is consistent with a Type 1 AG N as the 
primary component in this pair l|Peng et alj|20lil ). 

The SE component is not detected at 5 GHz, therefore 
we can only derive an upper limit, «2< — 0.9, for its two- 
point radio spectral index, considering 5a detection thresh- 
old. This spectral slope is consitent with AGN-related radio 
emission and does not preclude that this emission arises from 
the nucleus in a low-luminosity AGN. For example, both ra- 
dio components of SDSS J1502+1115, another dual quasar 
with double-peaked narrow lines , have steep spe ctra, with 
spectral index -0.80 and -0.92 (|Fu et al.ll2011bl ). 

The presence of arcsecond-scale extended radio emis- 
sion in J1425+3231 raises the question if any of our com- 
pact VLBI-detected sources can be relat ed to a hot spot. 
Such structures are seen in powerful FR-II (jFanaroff fc Rilevl 
1 19741 ) radio galaxies where the jets originating from the ac- 
tive nucleus propagate out to kpc distances, and form a ter- 
mination shock by interacting with the ambient material. 
High-resolution VLBI imaging obs ervations of radio g alaxy 
hot spots are not very common (see lTingav et af . 2008, for a 
review) , but include successful detectio ns of the hot spots in 
nearby FR-II radio galaxies. Moreover, iGurvits et all (|l997T ) 
reported VLBI detection of a hot spot in a high-redshift ra- 
dio galaxy (4C 41.17, 2=3.8) and interpreted the result as 
the deflection of the jet in a massive clump of the interstellar 
medium. While the measured brightness tempe ratures of the 
comp act hot spot compone nts in e.g. Pictor A llTingav et al.l 
120081 ) and Centaurus A (|Tingav fc Lend* I2009D are only 
-10 5 -10 6 K, the VLBI-detected comp onent of 4C 4117 ha s 
nearly 10 8 K brightness temperature (|Gurvits et al.|[l997l ). 



comparable to the values we measured. Jet-cloud interac- 
tions are ubiquitous in e.g. compact steep-spectrum quasars. 
In case of 3C 216, the interstellar matter deflects the initially 
straight jet and a compact, sho cked region is observed on 
VLBI scales (|Paragi et al.ll200ol and references therein). 

Can then we rule out that one or both of the VLBI com- 
ponents of J1425+3231 are hot spots rather than compact 
AGN jets related to distinct black holes? The presence of 
at least one AGN is supported by multi-band (radio, opti- 
cal, and X-ray) observational data, as will be discussed in 
Sect. U In particular, the flat radio spectrum of the NW 
component suggests a radio "core" emission, while the steep 
spectrum of the SE component does not provide evidence for 
or against such an interpretation. But neither the available 
optical, nor the X-ray imaging data are sufficient to resolve 
two components with an angular separation of ~440 mas. 
However, we are not restricted to t he intrepretation of the 
radio data alone. iPeng et alj (|201ll ) investigated the possi- 
bility that the double-peaked narrow 0[III] emission lines in 
J1425+3231 are generated by effects other than a dual AGN: 
disk-like NLRs or biconical outflows. The latter could be 
qualitatively consistent with a jet termination sh ock scenario 
result ing in compact radio-emitting hot spots. IPeng et alj 
|201ll) found that the relative widths of the red and blue 
emission line components, their different shifts with respect 
to the quasar's cosmological redshift, the consistent 0[III] 
and H/3 velocity offsets, and the high 0[III] emission line 
luminosities comparable to that of an entire NLR, are hard 
to reconcile with the alternative scenarios. 

More observational checks could be envisaged from the 
radio in the future. For example, a jet-like arsecond-scale ra- 
dio structure connecting the compact VLBI sources would 
strongly suggest a relationship between the two. To reveal 
such a structure, deep imaging of J1425+3231 with interme- 
diate (~50— 100- mas) angular resolution would be needed. 
Higher-frequency (and thus higher-resolution) VLBI imag- 
ing could in principle prove if the sources are even more 
compact, ruling out the explanation involving hot spots. It 
is however demanding to reach a sensitivity sufficient to re- 
liably image these weak, partly steep-spectrum sources at 
higher radio frequencies with VLBI. 



4 EXPLORING THE DUAL SUPERMASSIVE 
BLACK HOLE SCENARIO 

In this section, as a working hypothesis, we assume 
the validity of the dual AGN interpretation and investi- 
gate some physical properties of the system using multi- 
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band data. J1425+3231 has been detected in X-rays as 
1RXS J142506. 7+3231 48 in the ROSA T All Sky Survey 
Faint Source Catalog (|Voges et alj|2000h . and as CXOXB 
J142507.3+323137 with the Chandra X-ray Observatory in 
the XBootes survey as a point source at arcsecond resolution 
l|Kenter et all [2005). Even if our dual AGN is not resolved 
in X-rays, the observed relationship between the radio and 
X-ray luminosity and the mass of the c entral black hole (e.g. 
IMerloni et"afll2003l ; iFalcke et all 120041 ) may be invoked, to 
give an estimate of the (total) black hole mass in this sys- 
tem. Indeed, by inve s tigati ng a sample of X-ray emitting 
SDSS AGN. iLi et ail (|2008l ) obtained a value of ~10 8 M Q 
for J1425+3231, using the FIRST 1.4-GHz radio luminosity 
and the R OSAT data. This i s fully consistent with what is 
derived bv lPeng et all l|201ll ) for the larger of the two sus- 
pected AGN, while the black hole mass estimated for the 
smaller one is two orders of magnitude less and thus negli- 
gible compared to the larger AGN. We note however that 
there may be large uncertainties in this estimate, because, as 
we have shown, not all the FIRST flux density is necessarily 
related to the AGN, an d not all the low- luminosity AGN 
follow t he IMerloni et al l J2003h fundamental plane relation 
(see e.g. Ide Gasperin et al.l 2011, an d references therein). 
According to iPeng et all (120111 ). the [O III] A5007 lu- 



minosity is L[oiu]=3.2x 10 35 W for the blue system, i.e. 
the more massive of their two suspected AGN which we 
associate with our NW source due to its higher r a dio lu - 
minosity. Based on the results of iHeckman et all l|2004l ). 
the bolometric luminosity of this source is estimated as 
L bo i=3500L [O m] = l.lxl0 39 W. Assuming 10 s M black 
hole mass for the primary object, the Eddington luminosity 
is L Edd =1.26xl0 31 ^Btt W=1.26xl0 39 W. The Eddington 
ratio, Lboi/^Edd, is therefore close to unity. The mass accre- 
tion rate is 



ibol _ ibol 

^c 5 " _ 5.7 x 10 38 W 



or 



1.9 



0.1 



Moyr" 1 (1) 



where r\ is the mass-to-energy conversion efficiency. The high 
accretion rate and the measured radio luminosity clearly 
exclude the low-accretion model for the NW source in 
J1425+3231, such as the advection-dominated accretion flow 
(ADAF), and again suggests that the origin of the radio 
emission is from the jets (e.g. IWu fc Cadl2005l ). 

A similar calculation for the SE component 
(£[oi in=2.1xl0 35 W, M BH =3.4xl0 6 M ; IPeng et all 
2011) results in a slightly lower bolometric luminos- 
ity, L bol =7.4xl0 38 W. The Eddington luminosity is 
-t<Edd=4.3x 10 37 W. The corresponding Eddington ratio is 
17, and the mass accretion rate is m=1.3 (^f ) Mr yr -1 . 
This seems to support the finding of lPeng et all (1201 ll ) that 
the less massive black hole (which we associate with the SE 
radio source) accretes at a super-Eddington rate. However, 
the Eddington ratio of 17 seems unrealistically high. 

We note that the bolometric luminosity is difficult to 
determine accurately. In practice, Lboi is estimated from 
monochrom atic luminosities by applying different scaling 
factors fe.g. lRunnoe et al"]|2012l and references therein). For 
the discussion above, we applied the average bolometric cor- 
rec tion calculated f or th e [O III] emission line luminosity 
by IHeckman et all (|2004l ). However, the [O III] luminosity 
may only be an indirect estimator of the nuclear luminos- 
ity due to the unknown geometry and dust extinction of the 



NLR fe.g. lLamastra et al ]|2009l ). The lHeckman et all (|2004l ) 
relation did not correct the [O HI] luminosity for dust ex- 
tinction. It may result in an overestimate of the conversion 
factor from Lpm] to Lboi, and consequently the Eddington 
ratios and the mass accretion rates may be overestimated as 
well. Indeed, t aking the bolometric corrections derived by 
iRunnoe et al.l (|2012| ). and the measured continuum 5 100-A 
luminosty L 5 ioo = l-6x 10 33 W A -1 from IPeng et all (|201ll ) 
into account, we obtain a ~25 times lower estimate for the 
the total bolometric luminosity of the entire source, i.e. both 
the NW and SE components of which the optical continuum 
emission is blended together. In this case, the data may be 
consistent with sub-Eddington accretion. 



5 SUMMARY AND CONCLUSIONS 

We observed the double-peaked, narrow-line quasar 
J1425+3231 with the EVN to reveal its radio structure at a 
linear resolution of ^50 pc. Based on compact radio emis- 
sion detected from two distinct components with a projected 
linear separation of ~2.6 kpc, we found that the object 
may contain a pair of AGN, a s suspected from its optical 
spectrum by IPeng et alj l|201ll ). This separation is compa- 
rable to those of some other k nown dual AGN systems de- 
tected by radio interferometry (|Bondi fc Perez-TorresllioiOl ; 
iFu et al.(l2~011bl ). Both radio sources in J1425+3231 have 
high brightness temperatures (7b > 10 7 K) typical for non- 
thermal synchrotron emission. They have high bolometric 
luminosities (Lboi~ 10 38 -10 39 W). The brightness temper- 
atures, the bolometric luminosities, and the X-ray emis- 
sion all support that the sources are powered by accretion 
onto SMBHs. J1425+3231 is therefore a good candidate for 
one of the very few cases of confirmed radio-emitting dual 
AGN. An alternative explanation that the less dominant 
compact radio source is a hot spot associated with a shock 
in a jet cannot be ruled out by the presently available data. 
If the dual- AGN scenario is valid, the primary supermas- 
sive black hole is associated with the north-western radio 
source. The ~10 8 M Q mass of the larger AGN, derived from 
the comparison o f radio and X-ray luminosities assuming 
the IMerloni et al.l (120031) black hole fundamental plane re- 
lation (|Li et al.ll2008l ). is consistent with the optical studies 
l|Peng et al.ll201ll ). Potential future observational verifica- 
tions of the duality of J1425+3231 may include deep radio 
interferometric imaging at intermediate (sub-arcsecond) res- 
olution, or adaptive optics imaging in the near infrared. The 
latter could possibly reveal signs of interaction between the 
merging host galaxies, such as a lo w surface brightness fea- 
ture coimecting the_two nuclei (e.g. iRosario et al1l201ll ). 

iDotti et al.l l|2012l ) note that high-resolution radio in- 
terferometry is not an efficient technique to search for rare 
objects as dual AGN. One of the reasons is the limited field 
of view. The other one is that majority of the AGN are not 
lumino us in the radio. However, as sho wn by us and als o 
by e.g. iBondi fc Perez- Torres! (|2010h and IFu et af] (|2011bl ). 
sufficiently deep radio interferometric observations of a well- 
selected target sample could be an effective technique to con- 
firm the existence of suspected AGN pairs. Radio interfer- 
ometry allows us to spatially resolve two potentially distinct 
AGN and to determine some of their important geometric 
and physical properties. 
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